Depending on their chemical nature, lipids can be classified in two main categories: hydrophilic, greatly contributing to membrane composition and subcellular organelle compartmentalization, and hydrophobic, mostly triglycerides, greatly enrolled in the storage and production of energy. In both cases, some lipid molecules can be involved as signaling agents in the regulation of metabolism and protective or damaging pathways in responses to harmful stimuli. These events could affect in particular the liver, because of its central role in the maintenance of lipid homeostasis. Lipids have been demonstrated to fluoresce, contributing to the overall emission signal of the liver tissue along with other endogenous fluorophores, relatable to energy metabolism and oxidative events. The mere estimation of the fluorescing lipid fraction in parallel with the other endogenous fluorophores, and with the common biochemical and histochemical biomarkers of tissue injury has been exploited to investigate the liver morpho-functional conditions in experimental hepatology. More interestingly, the fluorescing lipid fraction is greatly relatable to free fatty acids such as arachidonic, linoleic and linolenic acid, which are deserving increasing attention as precursors of products involved in several and complex signaling pathways. On these bases, the ability of autofluorescence to detect directly arachidonic acid and its balance with other unsaturated fatty acids may be exploited in the diagnosis and follow-up of fatty livers, helping to improve the personalization of the metabolic/lipidomic profiling. This could also contribute to elucidate the role of the injuring factors in the choice of suitable donors, and in the set-up of preservation procedures in liver transplantation.
Introduction
Recently renewed notices on histochemical methodologies have reaffirmed the critical role of fixation and of different staining procedures for the in situ discrimination of the various kinds of lipids. [1] [2] [3] The chemical nature and localization of lipids can be evidenced by means of various procedures, to be performed on fixed or frozen unfixed samples, or even in living conditions, depending on the balance in the need to preserve the structure and the biochemistry of cells and tissues, according to the morphological or metabolic targets aimed to be investigated. 1, 4 Sphingomyelins are chiefly present in the myelin sheath surrounding the axons of some nerve cells, and their histochemical detection allows to identify alterations in both the central and peripheral nervous system, for diagnostic purposes in neuropathology and experimental neurology. 2 Lipids with hydrophilic or amphiphilic properties, such as glycerolphospholipids and sterols can form vesicles in the aqueous medium and greatly participate to the composition of plasmalemma and the membranes of subcellular organelles. Lipid droplets are the main intracellular storage sites of fatty acids, in the form of hydrophobic, neutral triglycerides.
Lipids in signal transduction and as diagnostic factors
Within the several functional activities, beyond membrane compartmentalization and trafficking, energy storage and production, lipids can participate to signal transduction in the modulation of hormone actions, metabolism, and protective or damaging responses to hazardous stimuli. 4,5 and references therein A classical signaling strategy is based on the action of phospholipases. This is the case of phosphatidylinositol phosphorylation, with the production of various phosphoinositides as cell surface signaling agents for the regulation of various membrane functions, cytoskeletal organization, and nuclear events. 6 Likewise, the lipid droplets which are ubiquitously present in eukaryotic organisms, are recognized as dynamic bioactive agents. The mere presence of lipid droplets has been for example investigated by Oil Red staining and image analysis, to estimate the changes in their amount in single cultured cell models during differentiation, 7 or to develop reliable, standardized integrated optical density procedures to evaluate their size and distribution in healthy and pathological cell populations. 8, 9 Actually, the rising of severe metabolic and degenerative diseases, up to the cancer, are commonly considered to be greatly favored by the concurrent disruption of lipid metabolism and signaling actions of fatty acids, both mobilized from the lipid droplets or derived extracellularly from the diet, and their products. [10] [11] [12] In this respect, it is worth to remind that the role of lipids in the development of metabolic diseases and cancer is also supported by studies based on magnetic resonance imaging and magnetic resonance spectroscopy, which have been compared to an in vivo histochemical technique able to identify both the chemical nature and the spatial distribution of lipids in different tissues and organs, including the liver. 13 , and references therein Lipids can therefore be considered as important diagnostic factors.
Lipids in hepatology
The central role played by the liver in the storage and keeping on the systemic homeostasis of nutrients, including lipids, makes it particularly exposed to the consequences of an altered lipid metabolism, in particular in the presence of excess of lipids and oxidative stress. This is the case for Non Alcoholic Liver Disease (NAFLD): this pathology is the cause of heavy social and economical issues in the human population, because of its incidence (about 30% of the individuals in Western countries), the associated increased risk of progression to more severe disease, and the need to recruit fatty livers as marginal organs to enhance the availability of donors for liver transplantation. [14] [15] [16] NAFLD is currently reported as a complex multisystemic disease, [15] [16] [17] following the so-called 'two hits' hypothesis, according to which the lipid accumulation is the first 'hit' that requires a second 'hit'(commonly oxidative stress) for the progression of the disease. This concept is greatly sustained by the numerous studies comparing various rodent models of NAFLD and the pathophysiological features of the human disease, which directed a growing attention to the lipids. 18 For example, fatty livers from nutritional rat models (e.g., the Methionine Choline deficient diet, MCDrats) can undergo a spontaneous activation of inflammation and an effective progression to fibrosis as compared to the genetic (fa/fa obese Zucker) rats, which, anyway, have lesser oxidative stress and are richer in triglycerides. 18 , and references therein The microspectrofluorometric analyses of unfixed, unstained liver sections after Nile red fluorochromization have confirmed the prevailing presence of neutral lipids in both lean and obese Zucker rats, as compared to MCD and control Wistar rat. 19 
Fluorescing lipids for the liver functional profiling
Notably, some lipids can give rise to a native emission of fluorescence. This feature makes lipids to act as possible endogenous fluorophores, improving the diagnostic potential of autofluorescence. In fact, the overall autofluorescence emission properties depend on the presence, nature, amount and physico-chemical conditions of the endogenous biomolecules strictly related with the morpho-functional features of normal or altered cells and tissue. As a consequence, autofluorescence carries a comprehensive information on the physiological, normal or altered conditions of the biological substrate, and can be exploited for in situ, real time diagnostic purposes. 20 A lower contribution of fluorescing lipids to the overall liver autofluorescence emission was detected in the lean Zucker rats as compared with the obese ones, in agreement with the results on the proportions of polyunsaturated fatty acids reported on the same models by Fukumori et al. 19, 21 Conversely, an autofluorescence investigations on the effects of acute starvation on the hepatic tissue of Wistar rats showed that the fraction of fluorescing lipids was poorly affected, in front of a significant increase in retinoids and lipid droplets in the starved rats, as proved by histochemistry. 22 All together, these data indicate an engagement of each specific group of rats in keeping constant the fraction of the liver fluorescing lipids. Consistently, no great variations were shown by fluorescing lipids in livers submitted to a two hour normothermic reperfusion, following a previous organ isolation from MCD and lean control Wistar rats and preservation under cold storage or after mechanical perfusion at subnormothermic(20°C) temperature (MP-20), except initial changes indicating a mobilization at the beginning of the reperfusion of MCD livers. 23 The lipid fluorescing fraction has been mostly identified as arachidonic acid (AA) by comparative spectroscopic studies on the autofluorescence of hepatic tissue extracts and pure compounds. 24 The AA dominance in the liver fluorescing lipids has been supported by additional studies on different single free fatty acids, demonstrating a much greater fluorescence yield of AA than linoleic and oleic acids. 25 Therefore, the autofluorescence of AA can be proposed as a supportive diagnostic tool in experimental hepatology, as to both the mere balance between the free and immobilized fractions of lipids composing the membranes and influencing their fluidity, and the more complex and not yet fully clarified bioactive functions in mediating the responses to stress factors. 26 
Fatty livers for organ transplantation: Lipids and the regulation of functional preservation
Several studies have highlighted the importance of AA in the balance of hepatic injury and protection, with the modulation of cell functions, inflammation and apoptosis through the cascade of various intermediates, as well as the cross-talking with vasodilators and cytokines, as for example Nitric Oxide (NOx) and the Tumor Necrosis Factor-alfa (TNF-alfa). [26] [27] [28] [29] [30] With particular reference to fatty livers as marginal donor organs for transplantation, the improvement in the knowledge on the responses of intermediate agents to injuring factors is critical for the set-up of personalized interventions to ameliorate preservation and the graft outcome. For example, the conditions of temperature and oxygenation applied in the organ preservation have been found to induce different responses form lean and obese Zucker rat liver models. The bile production, which reflects the integrity of biliary epithelial cells, and ATP, significant of the tissue energy content, indicated a better outcome of fatty livers under MP-20 conditions as compared with static and/or lower temperature conditions. In general fatty livers submitted to MP-20 showed a lower release of intratissutal enzymes (Lactate De-Hydrogenase, LDH; Aspartate Amino Transferase, AST), which even approached the levels of the lean livers submitted to the same procedures. 31, 32 and a lesser increase in NOx, TNF-alfa and early apoptosis. 31, 33 Histochemistry demonstrated that in comparison with both lean livers and preservation at lower temperature, the fatty livers submitted to MP-20 did not show significant changes in the number of apoptotic (i.e., caspase-3-and TUNEL-positive) hepatocytes, with a limited increase in the positivity for the M30 biomarker, specific for the caspase-cleaved fragment of cytokeratin 18. The hepatocyte death via apoptosis in fatty livers was reduced, in parallel with a recovery of glycogen stores, a decrease in the macrosteatosis patterns and a lesser presence of ROS production. All together these results indicate that, beyond the lipid composition already designated as a relevant cause of the greater susceptibility to the preservation temperature of lean as compared with fatty Zucker livers, 21, 31, 32 the beneficial effects of MP-20 involve complex and interrelated metabolic and signaling factors. Interestingly, histochemistry showed also a prevalence of the apoptosis biomarkers, glycogen stores, and ROS production in the periportal, mid-zone areas, ascribed to the predominance of the oxidative energy metabolism in the periportal zone sustained by a much higher oxygen supply. 34 In this regard, the importance of vascularization could also explain the interlobe differences in peroxidation of lipids and TNF-alpha detected after ischemia/ reperfusion of livers from Sprague Dawley, likely mediating the activation of tissue matrix metalloproteinases. 35 These findings fit with the common views on the balance between various factors and mechanisms in the modulation of tissue injury following hepatic stress, including the regulation of blood circulation or inflammation, and the possible role of AA derived products in their activation. 28
Concluding remarks
The heterogeneous liver functional and structural properties have been more recently reconsidered by focusing on the zonation in the lipid droplet accumulation and the remodeling in the AA mobilization, production of the pro-inflammatory signaling molecules, eicosanoids and associated oxida- tive damage in NAFLD and disease progression. 36, 37 In parallel, promising findings have been reported on some metabolites of polyunsaturated fatty acids, in particular the AA-derived eicosanoids, and their potential role as biomarkers of NAFLD, promoting their further investigation as adjunctive tools in the panel of modestly-invasive blood biomarkers in the diagnosis of fatty liver diseases. 38 In this context, the ability of autofluorescence to detect the free fraction of AA not only in the liver tissue, but also in the crude serum, 25, 39 can be proposed as a promising additional biomarker in hepatology. Multiple possible applications can be proposed, from the support to elucidate the role of the injuring factors in the preselection and set-up of preservation of donor livers for transplantation, to the development of a relatively low-cost, time effective supportive diagnostic tool in the clinical practice, for a personalized metabolic/lipidomic profiling in the diagnosis of fatty livers. 14, 40 
